E. SEDIMENT CORE ANALYSIS

Lake sediment samples were collected from thirty-five locations within
the lake (Figure 22) on four sampling dates between May and December of
1982. These sites are in the proximity of marinas, major sources of
surface runoff, areas of possible future dredging activities, and in
restricted coves with limited flushing capabilities.

The sediments were sampled by means of a K-B freefall brass sediment
core sampler fitted with plastic (cellulose acetate butyrate) core
tubes. The core samples were returned to the laboratory and frozen for

preservation and for ease of handling.

Penetration of the sediment core sampler varied with the firmness of the
substrate. The cores collected ranged in depth from approximately 25 to
50 cm below the mud-water jnterface. Subsamples of approximately ‘3 cm
in depth were taken from the top, middle, and bottom portions of the
cores for chemical and physical analyses (Table 42). In addition, the
sub-samples from four of the cores were composited and analyzed using EP
toxicity test procedures (Federal Register, 1980). Grain size analysis
was also performed (Folk, 1968). The results of these analyses are
included in Table 43.

With few exceptions, the data indicate the presence of higher levels of
the measured metals in the upper strata of the cores than in the middle
and lower strata. Since the sediments in the upper strata of the cores
are those most recently deposited, it can be assumed that these metals
have been deposited in increasingly greater amounts in “"recent" years.
the exact time period of this deposition cannot be stated without
performing sophisticated dating analyses on the sediments but the

PRINCETON AQUA SCIENCE

172

P



3118 ONITdNVSE
340D ANINIGIS DNOJILVIOH ANV

T2 3UNOId

4334 NI 8HiId30

NALS MIAM

GNVYISI NOOJYN

NOSH3443r -

3A00 NOSWION3 T J\

3IA0D I(B)I

~gisr
3A02 1NII93IND

Su3ILIN
[ 114 002 (']
e, =
AGNLS ININIDVNVN ONV NOILYHOL83Y 3NV e s
i e teme 000z o0t o 340D IN3NIGAS V¥
quvos 02.22(._.". ..(Z0.0wc OZOO.-.(&O: mxt._ 1334
an3el
S— NOLONITHY LNNOW AHNEXOH
/ Y4 3103 3A0D DMIN
= NOSH3443r , YY) oranv
noous -UJBC... v -
0GIVIM
A/\ »UVd BAVLIS
n-dﬁ ....c!.ua; DNODLVEOH
AVE 1u0d000M 8.( )ﬂ(ll iniod
\ = uaoo «ce...
ANVYISI AAGTVH

ONOJLVdOH

17



ov-

S01-

T/

S3LOA W
X003y

[Te N Vo] wun
. . .
- O -t <t O —i U -

W~
.
- O

1
.mo

-0 N

sayou]
u} 9dues
40 y3dag

L£8°0> 602°0 L L2 0€9°Y 061°1 269
TN 9y2°0 661 000°11 08€‘ Y TANAN
1¢'¢ eLE’D GGe 00v“91 0LE“L | FA S
ve'l £90°0 1874 oLy L 0£v*9 v 0L
e 212°0 685 008°€2 002°LT 6L¢
8’1 861°0 e 009°11 019°¢ 101
89°1 G81°0 96¢€ 00v° €1 008°S1 6°€S
2L’ G1e’0 5¢8 008°GT 002°G1 8" ¥L
GE°¢ ovy'0 955 005°ST 00€°21 961
£e’ 881°0 74 0158 006°¥1 A%
€L°¢ £5¢°0 v65 00€° €1 001°61 1768
G0°¢ 89¢°0 609 001°L1 005°€2 9'1L
(113§ 6L2°0 vvs ovL®6 000°92 §°61
6€°¢ €2 0 L96 00041 009°92 144!
99°¢ 612°0 28 00591 000° €2 S01
8L°1 8€2°0 Stl 0£8°9 005°21 82°§
8¢t°1 62¢°0 9¢l1 02v‘6 00€°91 19°L
99°¢ coe’0 985 009°61 008° L1 891
6E°¢ LL1°0 £91 0999 091°¢ 66°6
vo°t 661°0 L29 000°61 005°01 621
0L°¢ 192°0 688 005°12 ooy L1 vie

LL9°0 101°0 95¢ 009°92 008°92 LS
AN $60°0 118 009°¢tY 005°€2 181
9" 1 L60°0 18¢ 002° 15 002°22 921

(3] ] uz a3 U] ad
sadjaweded

Zv 9iqel

(pa30u auaym 3dadxa qybLam Aup y-by buw)
SISATYNY 3403 INIWIAIS 9NOILYAOH AV

wo330q
appLu

do3 ‘6
w0330q
aLppiu

do3 '8

w0330q
alpptu
do3 9

wo330q
aLppLu
doy 'S

w0330q
a|pptLu
do3

wo330q
a|pptu
doy ‘¢

wo}30q
3Lpptu
doy ¢

03304
aLppiu
doy} 1

xuot3e3s

pas

PRINCETON AQUA SCIENCE

174



06-

06-
00¢-

022+

0Lt~

001~

S01-

S+

001~

S01-

SIL0A W
X0034

-— .- P

.

S p1 882°0 > €11°0 281 00v°91 009°02 Lyl .
§°L GE'T 621°0 0S¢€ 002°¢S1 00g* 21 6°06
1 G9°2 150°0 v6L 002¢22 006°01 182
LT 912°0> 850°0 GS1 00L°€1 00S° 2 G 21
'8 90°1 L1170 EVE 000°p1 008°‘21 1'%
{ o1°¢ 891°0 8L6 00592 00€°91 62
I G8'¢ 80€°0 o2l 00£°9¥ 008‘¥¢ 199
8 ov1°0> 150°0 6°v1 050°S OTL‘t £€°¢
1 161°0> 910°0 0°1y 089°€ 0gE‘e 9°'11
It Ly1°0> 920°0 6°81 0LE°S oow”m G9°¢
S°S 9/1°0> [Y0°0 YARA ) 0G£°9 009°01 0€°S
¢ 2yE°0 9¢0°0 811 089°9 082°Y 0°2¢
el 0.9° £80°0 1€1 058°6 00v° 01 G°01
G'9 90°S £92°0 28L 00502 oveE‘6 SL1
1 2°01 LSE°0 00€“2 001°€€ 002‘01 ¥89
21 g U 1> G05°0  6°1§ 09L°¢ 0152 0°€l
G'9 1> 280°0 2LT 00p°S1 029°S ¥ 85
I GE°S 990°0 > 0€L‘T 009°LE 0.68 69t
6 291°0> L10°0 p°91 STy 001‘Y 10°v
1 69°'1 £L0°0 681 0£0°8 068°9 0°0L
11 609°0 G01°0 G'9G 096°6 086°1 9°¢1
G'S L0°1 891°0 662 00v° 81 009°11 82l
I 02°2 080°0 L8Y 0052 00501 L61
G 21 y8y° 0> 992°0 202 00L°ET 000°‘p1 2°62
G'9 8.1 LST°0 625 000°12 00%° ST 6€1
1 88°¢ 89€°0 29L 006°62 000°61 ol
TR (3] [ uz EX] U] ad
u} 9|dwes
30 y3dag saajauwedeq

(panui3juod) 2y 3|qey

wo330q
olpptu
doj

wo330q

aippiu
dol

wo3joq
doj

wo330q

olppLu
doj

w03304

a|pptu
dol

03309
a|ppLu
dol

wo330q
do}

wo330q

aLpptu
doj

wo330q

alpptu
doy

LuoL3e3s

‘61

81
At

‘91

"S1

‘1

tl

K1

1

‘01

pas

PRINCETON AQUA SCIENCE

175



05-

o61-

ovi-

08~

0L~

oot-

S310A W
X003y

G'6
1
soyou]

u} 3{dues
30 yidaq

S1°1 8€€°0 0°9¢ 00p“ €l 080°6 L€l
90" 1 09€°0 £°89 005“€1 0€£8°S 662
80°8 220°0 86 008°12 006°¢21 00t
98°1 L10°0 [€1 008°91 009°91 Sl
01e’0 ¥80°0 LET 009°01 008" 62 £°L1
0L°1 $£0°0 ocv‘s8 005 ¥2 009°11 L2
L1°1 0€1°0 611 009°L1 002°92 0°L1
86°1 g9p1°0 L2y 005°0¢€ 006°02 €21
16°2 €11°0 619 00L°9S 001°G2 90§
80°1 £€12°0 9yl 001°91 00162 88°6
LS°1 160°0 eze 0051 006°t2 ¥°09
'€ 91€°0 080T 002°¢€2 000°0§ 2S¢
L26° 161°0 o¢t 00g‘€l 002°S¢€ 18°8
£€9°1 £€81°0 ovy 005°61 002°0¢ v°29
1702 £16°0 010°¢ 009°0S 00€°€E Stv
22L°0> 922°0 0°SS 0v0°9 056°€ 05°S
118°0 $91°0 6°8L 005°8 065V 8 L1
69°Y or11°0 128 00L€ge 00£°02 GYE
1€2°0 (50" 1°99 0v8°S 00t Se £°91
€0°T 0€1°0 v0€ 0091 0629 pel
o€t 2v1°0 12! 001°12 00S°€1 8°1¢
1971 LL1°0 vLe 008° 92 001°ST £°G66
2L1°0> 620°0 0°59 05€°9 099°¢ 6€°L
$9€°0 120°0 v21 009°01 016°2 1°€p
L6E°0 280°0 £91 00€“ v 00£°21 812
6°2 982°0 668 000°0¢ 009°91 292
P BH uz EY] w qd
sadjaued ed

(panutjuod) 2p d1qel

wo330q

o|pptu
dol

w01309q
a|pptu
doj}

03304

a|pptu
doj

w0330q

alpptu
doj

wo33oq
apptu
dol

wo3l3oq
apptu
dol

wo330q
doj

wo33o0q
doj

wo330q
dol

wo330q
doj

A% 18

0t

62

‘8¢

‘9¢

T4

"ve

X4

‘1¢

"0¢

»uoL3e3S

pas

PRINCETON AQUA SCIENCE

176



*sapLotjsad
pue s|ejaw 4o sisAjeue }|nq pue A3LDLx0} d3 404 K|93ededas pajeauy gg/1€ pue /g ‘22 ‘L suoLjelSy

58 6°01 61°1 0Sv°2  006°SE 009°9T 022°1 wo330q
58- 1 201 L¥8°0 0891  00£°SE 001°L1 001°1 do3 °Gg
8 011> 622°0 €81 000° 0T 6°89 03304
Sp- 1 69°€ ove"0 01T 00092 008°LE 009 doy ‘¢
§2'11 256°0 p8I'0  9°LL 08 Y 0v6°2 181 wo330q
5°G €21 5v2°0 2706 006°01 oly Y 6°22 3LppLu
1 Si'v 8€1°0 £€8 008° €2 00L*ST LS doy ‘gg
STL0A W saydu] P by uz EX] w qd MITTETRTS
X003y uj ajdueg
30 y3idag
saajaweded

(panuL3uod) 2y aiqeyl

pas

PRINCETON AQUA SCIENCE

177




GRAIN SIZE ANALYSIS OF
COMPOSITE SEDIMENT CORES

Table 43

Station No.
Sediment Fraction 7 22 27 31832
% sand 68.3 63.7 71.7 72.8
% silt 18.6 16.0 6.22 16.4
% clay 13.0 20.2 22.0 10.8
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The concentrations of zinc and lead in urban runoff have been
quantitatively related to the levels of zinc in automobile tires (an
average of 0.73%) and lead in gasoline. As a result of that analysis it
has been shown that. the average deposition of these metals on road
surfaces are 0.0030 g zinc/vehicle km and 0.0049 g lead/vehicle km
(Christensen and Guinn, 1979). It would, therefore, be expected that
surface runoff from these roads would have substantial levels of these
metals. The high concentrations of lead and zinc in the sediments from
the Landing Channel could be a result of this runoff. It would be
interesting to see if the sediments from this area contain lower levels
of lead in the future due to the increased use of unleaded gasoline in
automobiles.

A review of Table 42 shows that at some sampling stations at which low
levels of zinc and lead would be expected (those with watershed
sub-basins of low density residential or forested land uses) there are
relatively high concentrations of these metals. Most notably are cores
from Stump Cove and from the deep water area southwest of Halsey Island.
Heavy boat traffic could account for this anomaly. Also, the mixing of
the water column during the breakdown of thermal stratification could
bring these contaminants from other areas of the lake.

The far north end of Woodport Bay js an area which does not fit the
pattern of decreasing lead and zinc concentrations with increasing depth
into the sediments. The quarry operation with its resultant increase
in runoff of sediment into the lake could be responsible for this
phenomenon. The "clean" soil is likely serving to dilute the lead and
zinc coming in by road surface runoff.

Aluminum and iron were found to be present in concentrations very much
greater than those of the other measured metals. This is as expected
since these metals are part of the background matrix. The trend for
increasing aluminum and iron levels in the more recent sediments 1is

PO
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likely due to the same sort of processes such as land development with
jts resultant increase in surface runoff as those responsible for that
trend with respect to lead and zinc.

Four sediment samples from different parts of the lake underwent EP
toxicity and grain size analyses. The latter analysis is important
because a great portion of the pollutional potential of street surface
contaminants is associated with the fine, silt and clay-like material
(Sartor, Boyd, and Agardy, 1974). Table 43 illustrates this phenomenon.
It can be seen that with only one exception an increase in silt and clay
size particles from station to station parallels an increase in the lead
and cadmium levels in those bulk sediments.

Cadmium, like zinc is found in the rubber of automobile tires (Owe,
Craul, Halverson, 1982) and thus is carried into the lake with road
surface runoff. The deterioration of galvanized pipe is another source
of cadmium in the environment (Standard Methods, 15th ed.). Again an
increase in land development and automobile traffic has likely led to
the observed increase in cadmium concentrations in the upper strata of
lake sediments.

Detectable levels of mercury were found in three of the four sediment
samples analyzed for that metal. The source of mercury in street
surface contaminants has not been identified (Sartor and Boyd, 1972),
but mercury is released into the atmosphere from burning of fossil fuels
and from its use as a fungicide and germicide (O'Connor and Stanford,
1979).

Both phenol and chromium were detected in all four of the sediments
analyzed for those contaminants. Road surface runoff again is believed
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to be their source as oils and tars contain phenol (Standard Methods,
15th ed.) and chromium js used to plate automobile bumpers and trim
(Sartor and Boyd, 1972). .

No cyanide was found in any of the sediment samples. This 1is not
surprising since the persistance of cyanide in water js variable. It is
decomposed by microorganisms in both anaerobic and aerobic environments
(0'Connor and stanford, 1979).

Endrin and toxaphene, two components of pesticides, were detected in two
and one core samples, respectively. Spray application of these
chemicals by governmental agencies and/or homeowners in the Crescent
Cove and Point Pleasant areas of the lake is suspected to be their means
of release into those watershed sub-basins.

No herbicides were found to be present in any of the core samples tested
for those contaminants.

Table 44 contains the results of the analysis on the extract from the
four cores that underwent EP toxicity analysis. It is evident that no
significant amount of leaching of contaminants from the sediment took
place under the acid conditions (pH 5.0) of the extraction procedure.
This result is significant when dealing with a New Jersey lake where

acid-precipitation is prevalent.
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